Introduction
Euphorbia sect. Esula (Euphorbiaceae) is one of the 21 sections recently recognized in the subgenus esula Pers. Riina et al. 2013) . Represented by 96 valid species, this section is most diverse in temperate Eurasia, with the majority of the species occurring in meadows and steppe zones (Frajman and Schönswetter 2011; Riina et al. 2013 ).
It has given rise to the most pernicious weeds, notably the E. esula -E. virgata complex, particularly in North America (Jin-Shuang 2010) . Currently designated under the common name of leafy spurge in North America where it is naturalized, the E. esula -E. virgata complex has long been considered invasive, causing considerable concern among range managers in the United States and Canada (Lajeunesse et al. 1999) .
Recently, Geltman et al. (2014) recognized that E. virgata has been erroneously treated as E. esula s. str. in North America, and that the later has never been widespread in North America (Peirson et al. 2014 ). E. esula s. str. has not historically been considered to be particularly troublesome in its Eurasian native range (Selleck et al. 1962) . Recently, Curtet (1999) reported that its invasiveness is causing economic and environmental threats to the floodplains of Saône in Eastern France. The floodplains are of conservation concern, and currently designated Natura 2000 sites to protect vulnerable habitats and wildlife therein. E. esula subsp. esula was found growing in dense patches in these sites (Fig. 1) , and was identified based on taxonomic characters (Curtet et al. 2008; Tison et al. 2014) . In 2001, 23% of the total wet meadow range was covered by more than 10% of the weed resulting in a severe decline in hay production (Curtet et al., 2008) . Although French authorities including la Chambre d' Agriculture de l'Ain have taken measures in controlling the spread of the weed chemically and mechanically, the threat still remains (Curtet et al., 2008 ). An augmentative D r a f t [Tapez un texte] 4 biological control program was launched in 2004, and seven potential biocontrol agents have been tested (Augé et al. 2014; Sforza et al. 2007) . Recently, local farmers reported the presence of a red color morph of Euphorbia (Fig. 2a) in the area where the biological control project was initiated (Jean-Paul Foray, personal communication) . This discovery raised the question as to whether the red phenotype was taxonomically similar to the green E. esula subsp. esula occurring in the region, and if such is not the case, this could pose a challenge to the current augmentative biocontrol program. Indeed, the current biocontrol agents targeted, which are specific to the green E. esula subsp. esula, might have decreased efficacy towards the red color morph.
The chromosome numbers of the taxa belonging to subsection Esula are of no value in separating species and subspecies, mainly because of frequent introgressive hybridization among them (Molero and Rovira 1992; Stahevitch et al. 1988) ; Likewise, most of the chloroplastic markers including the rbcL barcode region used so far provided poor resolution to distinguish species of E. sect. Esula from one another (Frajman & Schönswetter, 2011 , Riina et al., 2013 , likely because of the recent diversification of the subsection Esula.
Nonetheless, among all chloroplast markers, the trnT-trnF region may provide the most suitable phylogenetic signal for delineating closely related Euphorbia taxa (Barres et al.
2011).
The objectives of this study were first, to report the discovery of a red color morph of E. esula subsp. esula in the floodplains of Val de Saône (VDS) and to assess its prevalence in the region. Second, the absence of cytogenetic data and molecular information on the VDS populations prompted us to obtain the chromosome numbers in the red and the green morphs and to investigate their molecular relatedness using the trnT-trnF. The present study D r a f t [Tapez un texte] 5 provides the very first insights into the genetic and phenotypic variability of E. esula subsp.
esula within VDS which could potentially affect the current integrated management program including biocontrol for E. esula subsp. esula in VDS (Augé 2014; Augé et al. 2014; Augé et al. 2012 ).
Materials and methods

Study region and sampling
The floodplains of VDS consist of an area of more than 3,500 ha, and are protected under the Natura 2000. Our study focused on four sites (Chamerande, Vésines, Arbigny and Pont de Vaux) where both morphs co-occurred (Table 1; Figs. 3a & b) . At these four sites, E. esula is present in patches approximately 10 m in diameter, which are separated from each other by a distance ranging from 5 to 20 m, depending on the level of infestation (Millan, 2011) .
Terminal buds were sampled from both green and red morphs at the four sites (Table 1 ). In addition to the VDS E. esula plants, samples were collected from non-weedy populations elsewhere in France, in other parts of Europe, and from one weedy population in the U.S.
( Table 1 ; Fig. 3a ). In the field, terminal buds were placed into Ziploc ® bags, with silica gel, and kept at room temperature until further use.
Determining ploidy level using chromosome counts
Fruits of both morphs were harvested in 2011 at Chamerande and kept in sealed plastic bags at room temperature, and all capsules released their seeds after 4-5 days. Seeds were quickly placed between two moistened filter papers in a Petri dish and kept at room temperature. Root tips (about five mm in length) of three-to four-day old seedlings were D r a f t [Tapez un texte] 6 harvested between 9 and 10 a.m. Root tips were treated and stained with aceto-carmine and ferri-acetate, following the procedure of Jaheer et al. (2010) . Mitotic metaphase figures were examined by light microscopy at 15 x 100 magnification (Leitz Dialux 20, Munich, Germany). Chromosome count estimates were based on observation of three metaphase cells for nine root tip squashes for both green and red morphs.
DNA analysis
Total genomic DNA was extracted from 100 mg of dried leaf tissue that surrounded the apex of each plant following the protocol developed by Ripoll et al. (2011) . Due to interaction with chemicals such as latex compounds, several DNA samples were further purified (Fouet, pers.
comm.), using Qiagen® Plasmid Mini Kit (Qiagen, Courtaboeuf, France). This method has been successfully used in another recalcitrant plant, Theobroma cacao L., (Allegre et al.
2012).
The plastid trnT-trnF region, including the trnT-trnL and trnL-trnF intergenic spacers and the trnL intron, was amplified by polymerase chain reactions (PCR) in two fragments using universal primers (Taberlet et al. 1991) . Amplification reactions were performed in a final volume of 25 µl with 1X Qiagen ® buffer, 2 units of Qiagen ® polymerase, each primer at a final concentration of 0.2 µM and 2 µl of total genomic DNA as template, using a Perkin
Elmer 9700 Thermocycler (Perkin Elmer, Courtaboeuf, France). Amplification cycles were as follows: denaturation at 94°C for 5 min, followed by 35 to 40 cycles of 30 s at 94°C, 30 s at 56°C, 1.5 min at 72°C, and 10 min at 72°C. Amplified products were purified using a Qiaquick PCR purification kit (Qiagen ®) and sequenced by Genoscreen (Lille, France). D r a f t [Tapez un texte] All new sequences obtained in this study were deposited in GenBank under accession numbers (KF741098 to KF741115; Table 1 ). Our sequence dataset was supplemented with the only two E. esula trnT-trnF sequences available in GenBank: JN009943 (Brezice, Slovenia) and JN009944 (Vienna, Austria). All sequences were aligned using Clustal Omega (Sievers et al. 2011 ) executed in Seaview version 4 (Gouy et al. 2010) program. The full-length alignment of 1342 bp revealed the occurrence of many length variants due to indels.
Ambiguous regions (i.e. containing gaps and/or poorly aligned) were removed from the fulllength alignment with Gblocks executed in Seaview (Galtier et al. 1996) , resulting in one alignment of 1215 bp. Genealogical relationships between all trnT-trnF haplotypes obtained in this study and the two references haplotypes were inferred using median-joining network (Bandelt et al. 1999 ) executed in PopART (Leigh and Bryant 2015) .
Results
We discovered a new morph of E. esula subsp. esula in the VDS, in which nodes, internodes, leaves and terminal apex are red in color (Fig. 2a) . With the exception of color, the red morph presents all taxonomic features characteristics of E. esula subsp. esula (Table   2) , including morphological features (Crompton et al. 1990; Tutin et al. 1968 ) and the basically anomocytic type of stomata on the adaxial surface (Molero & Rovira, 1992) .
Observations over a two year period showed that the plants which were red at their early stages of development (Fig. 2a) red morph in all sites, over a two year period. The red morph was less frequent than the green one, i.e. 5% in total number of E. esula, or 1 to 2 patches per site out of 100 total patches observed collectively in the three sites. Red morphs appeared in the same patch every year for 3 years (data not shown) and always occurred in sympatry with the green ones. The observation of two color morphs for the same species is not an exception in
Euphorbia.
Both the red and the green morphs exhibited 60 chromosomes (Fig. 4) . Various Of the 21 trnT-trnF sequences used in the present analysis, 19 were newly generated ( Table   1 ). The alignment of 1215 bp showed eight substitution sites and yielded eight haplotypes (Table 1) . Three of them (H1, H2, H3) were evidenced in VDS (Fig. 3b ). H1 and H2 were detected in three distant sites, with two in common (Vésines, Arbigny). H3 was only found at Vésines. Haplotypes H1 and H2 were shared between the red and the green morphs whereas H3 was only harbored by the green one; thus, these two morphs did not appear to be associated with a specific haplotype (Table 1 ; Fig. 3b ). H1 and H2 are closely related with D r a f t [Tapez un texte] 9 each other, being separated by one substitution only, whereas H3 is more distantly related (Fig.3b) . H1 was restricted to VDS, whereas H2 and H3 were also detected outside VDS, in
France and in Europe. Two haplotypes (H4 and H8) were detected outside VDS in France, two haplotypes (H6 and H7) were detected elsewhere in Europe and a unique haplotype (H5) sampled from the U.S. (Table 1 ). This phylogeographic pattern seems to be that of multiple introductions in France and VDS.
Discussion
This study gives evidence to the presence of a red morph of E. esula subsp. esula in the floodplains of Saône. As far as we know, such a morph has never been reported from either the native and introduced ranges of E. esula subsp. esula. Red and green colored morphs were previously reported for E. thymifolia L. by Ramakrishnan (1965) , who considered them to be edaphic ecotypes. Redness (Onslow 1925 ) was also observed in E. amygdaloides L., which also belongs to the section Esula, and is present in France Tutin et al. 1968) . In this case, redness of the plant is due to the considerable development of anthocyanins, which appear to be transient, and occur as a response to low temperatures in the fall (Chalker-Scott 1999; Onslow 1925) . Red color could either be induced by non-organic compounds from the soil such as deficiencies in nitrogen or phosphorus(Chalker-Scott 1999), or by pathogen infection and fungal elicitors (Dixon et al. 1994 ).
Both red and green morphs of Euphorbia esula shared the same hexaploid cytotype and trnT-trnF haplotypes. The red morph appeared few in numbers and circumscribed to one to two patches in each site. Therefore, it should not pose a challenge to the ongoing biocontrol program. Genetic differentiation if any between the two morphs has not been demonstrated in this study. We can only assume that the intraspecies variation of color in E. esula has a D r a f t [Tapez un texte] 10 physiological basis as has been shown in E. amygdaloides (Onslow, 1925) or Cistus creticus (Kytridis et al., 2007) . For the later, the authors showed that accumulation of anthocyanin may have compensated for an intrinsic physiological inferiority of red plants in other aspects of their photoprotective machinery.
Although the observed limited variation of the trnT-TrnF region restricts its utility for surveying the diversity of E. esula subsp. esula in VDS, E. esula seems genetically diverse in VDS.
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